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TMTI_(X_'TION Tn studying the series of Adz projects, the
gotl/questice/netrtc (G_K) I_ridtgl [3] vis for

The Ads prolrunlng linguage und the iss_ilted loved. The gel1 of the study vii to determine the
softvirt engineering disciplines _hive been de- impact of Adi on productivity, reltibtlity, reuse,
scribed u _e # h Imt llgnfft_t devil•g- l_ lenerll p_ct __i_cs. A le_
aents tn soft.re tedmolo_y In mny )_trs. interest vii _ study, the use of Adl felturss
Although aa_y clltas.Mve been.male about Its •d- (such ts g_rtcs and strong typing) over Stun.

ll_c•l i_les thiS cl•_fy the tl_

The Softvirt F_ltneertng ii5orlto_j (SI_ Is u lnfomltlon t six Adi projects vif" lnlllzed
e_lantzitt_ sponsored by the Ilitlonll Aeon•tics for this study. The proverbs yarn dovelopid over
ind Space Admtnistrition (.NASA) conststtnl of • spin of 4-112 ye_ri stl_ng in 1its 1984 lnd
three principal mrs: lASMGoddl_d Spice ending vtth iv• pro_ects thit vlll be completed in
Fltght Center, the University of llir_flud, ud 1989.. The study _ltigorlzid the six projects into
Co, uSer Sciences _rpoflttcm. The S(L vis three grips dlsttngutsl_! solely by Ipproxtamte

silts dtte: the first lye ire cllled the firstfou_led In 1976 to c_rry out studies I_ •sure-
uents relited to evolvtng softvars tllo_es A_ pro,,l_o _e It tvo i_ _ second
(73. Tht s_lts ire •1_ it I_ers_ing_th pro_ects, lnd tie aost recent a_e the _l_
the soflrl develo_mmt p_ess i_ _ II l_e_s. T_ Utilne for _e ill pro,lects Is

sMvn I_ Figure 1.that evolving softv_re mcttces my live o_ the
softwre process IM product. Since 1_6.. the _ The first experiences v_th Ad_ In _ _ ec-
Us coMucted over _ eq_d_ by Ippl,yIng in- _ vltt iv• predicts tMt _nl IntU•t_ in
lect_ te_t_ues to s_flc _elo_t elf, s lit• II_ l_ Ill li_. I tm _ seven pro-
i_ misu_ng the resulting pr_ess i_ p_.. Irutrs" vii fomed tn late 1984 _ began exten-

In eirl¥ lgSS, the _ tnlfltted M effort to Sly• trllnlnl in O_:enber of 198S. The first
sl _ Irnc_s_a, lllcl_lls, Ind tl- tibet p_tct i • slill_ it ill il_lr_
picas of Ad_. _mtq vlttl- • rlli_vely mill _ II u Ittltude _1 systel of • imrtlcu-
prmtce pr_4zleam(t _n_t 11_ of A_, the Jar I _telltte, i i I_ @_ervel
Sit. his _11_ dltllltd devellt d_ti from • (GRO). ISle slmlltors kid I developed
totsl of eight Adl prilects (s4m "of vbiidl ire • In the put bY _ Ud IMs pl_4¢lllr Adi Pfit-
s_ll o_tng). The p_l_ finis in sl_ _ t_ (_ lu devsli_M In _llel _ _ I_

"" ""' "
_ _ "" _1_ (14]__it "m _Ullt_ U_t _ _elq_ •

• ent of G_OOYvould problbly require, froa lot•
Oevelonlnt _JV4ron_ne_ -- ll s_ff-_m of _f_. ¢ollstderlllg plevtous •

All _ t_tch s_|_vtrs dlve1_ tn • eq_ej _ iiillr _.p_t_.
O_ I_r_nt, tstng II_ • VAX I1_ or • . _ _ till _ la •rile 41 uirl¥ S
V_.l. _t i_lnes Irl s_ M_ IU_r of equate Mt softu_re _ellntl k_ir.
leMril users, ud tie sWport vu •versO• col _ono hid any prevlols A_. ixplrlesce, i_ f_.
-pirad. to •tiny t_plcil pro_octs- dtivelope4 tn _ kid I_m I• eirller MI __ence bilnlonl
FORTRAN, As v_11 be pot•ted el• liter, vl_j41g an t_ll tlvtr4omento so _o lessens 14ivied lnd me
lt_s of is• veve aide of the aqtl_le tools • _ Ill v_ Ivltl_lt to i i. h

m_lqies. . - _ tell ws experienced vtth flight d_nudcs iproblws
• 1t_ 1t vii, _ the •virlge, ltss 4_pt_
i the llcil devlll i In _li I_-
ins.

To _rs for _, dliilm _ devel_lm.,_t of -

GItOOY, t_e te_ undervent tl months of e_x_en_ve - ___i_
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FtSlU_ I. Ad_ Pro_ects In the rlt_t O_udcs Orris|on of KASAJGed_rd

trtlatng, vMch _vered Adt s)_t_x u yell Is G_IH.vu t tel_try slmulttor t_t voqld be
pHnc|p|es of softvtre engtnHrtng tM deta|led used 4# test4ng the attitude ground support soft-
design techniques [16]. The tr_tntng tncluded the mrs,

• foil•ring: The GOAOAterm const'sted of upprox4mtely seven
• AIs_s video ttpes vtth discussion peele, some of vScm vere not ••signed full Ume

: • Lectures on _ from Uotversl_ of to this pr_ect. Of these seven, three _ pro-
14_r_rllnd si_ff . " _dous _ eql_trlen¢4 lad tvo _ el_lrl4NtCl lath•

_opllc_Uon tret. The G0_H t_qut ¢o_s|stod of
• Lectures and _or_shnps m PAK£1JL(8]. , four people, one of vh_ had p_vicms Adt expert-

object-oriented design. _nd other de- ence tad me vhn had experience v4th this t_e of
stgn techniques appllct_ten. The trttdtng consisted of lectures

• Horkshnps btsed on 8_c5'1 trt|ntng- _d _ldeo t_p(s on Adt, btt_ p_lcqlar •ttentlm
mterltls (S] to the _ style guide that I_d recentl_ been do-

veluped; lectures ted clusus t= Adt s)s_u and
• Lectures on softvtre engineering prtn- Ad_ concepts vere •Ira held. T_4t tre|a|ng luted

ctples. |ncludlng tbstrtctton tnd to-. U_rox|attely 4 ve_ks for etch teem. 1
for_tton hiding

8oth of these second Ads pr_ects reed the 0_C
0ur4ng the | months of trt|ntng, the ¢lectr_lc ACS to c_plete develqx_t. 8ecuso there h_d

rail syttm (f_lS) Ad_ jpro]ect m developed. It_s been Ferrous Mt euperle_ce f_a the first Ad_
vu the f4_st _ effort coqq)leted by th|$ orgIUl.|- • p__eCtS. 4xp41rlenced Ad_ Iffngrtmers vere •vt|l-
nttm. It vu s_ up u • tretatnl pr__ Ira, -I_ • able to th,s, teus for consultation ud luldum.
de•tiled st_ttst4cs vere kept so tMt the devea- _ proved to be-.i_dl_ reed c4indtUes. The "
upment process tad product could be u_l_l. .secpM. Adt pro,lK'ts spa_ _epre_mt, ly II math•
i4hen ¢eapleted, 8G consisted of tpproxtattety
f_O 1thus of kit ¢_1,. "

These first _ pro_ects. G_OOYud B4S, vet, " " The tint] tvo pro_ects a_lyzed ta tits study,"the third Adl pro:Sects, vere both stirred tn early
devetuped by the sule pots•ant1 In • stldltr soft- 1988. The UARST(LS pro_ect _ req_rei_ and
v_re development environ•at. The El(SS|nroJ_ecectws cSutcter4stlcs slellir toGO_'H(. 4M of the sec-

pilattoa S_tm (ACS); the G_00Y pr_ect ms de- muchdtffer_co type of $_ste_ • source code man-
veloped m the VAX 11600, •lso UStM-tM OIC &¢S. •ger used for It_liUqflt_ _

The tvo prc_ect$ classified as U_I S._:_ _ vtre coe_oaents. . - ""
pro_ects both bngu 4n etrly IH? ud vere or 1he UARST_LS tem coemtstod "of threo pouple.
lldlum Size v4th ¢eapltdty t_plc_l of other. CW- ON of vho_ kd I_Nt_ous _ eq)efteAce; h fO_
forts In th_s _wlro_t. Ioth pro_ects Wre t_a c_sl$tod of fear Ipeople. eo_ of vl_ karl
strait•ors-required to support the GOES edssl_, previous kit experience.- Training for both gems
GOA_A ms • dymudcs simulator stadl•r-to GROOY8 took the fora of lectur_ aad vorkshnp$ I_ed on
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the Ada style gu|de; addlt|onal tratn|ng from per-
sonnel vtth previous Ada experience yes also pro-
vlded. All team membersattended classes on Ada
syntax and Adadevelopment.

The teamssupport|ng the third Ada projects had
more personnel available to themvho had previous
Ada expert•nee, and they also had available seV-
eral .lessons-learned reports that had been devel-
oped by the earlier kJa projects. These tvo
projects spanned t,oproxtmtely IS to 18 months
each.

Data Collectt_

0etalled data for th|s study vere collected for
the six projects. As for all soft,re developed
|n the flight d_n,uulcsenvlrenm_t, the data are
collected from the follovtng sources:

, Data collection fores
e Tools a_l accounting records
e InterHevs and sub_ectlve tnfonutton

The most extensive end detailed data yore provided
oa t series of data collecUoa forms collated by
both the developers and m_gers and Including the
fol Iovtng:

e Effort data (hou_ spent "veekly 6ry
act|v1 ty)

e Error data (for ali ¢ha_es and errors)
• Pro:Ject esttmtlcm (tanagers' esttmte

of final size. cost. schedules)
• Product orlg|nttloa (characteristics

of medulesu they are designed)

These data vere the m_lor source of Ioformtlon
used In the c_rls_S.

The "tools used to record InforatUon Include

era1 design methodologiesand eventually applied a
modified vers|on of oblect-orlented destgn (I, 12,
19].

Use of an object-oriented design required
rethinking of the design. Its documentaUon, and
Its presentation. This caused some |nconststen-
ctes vtth the tredttlontl 8pFroach used tn the
S£L. Project mrs vere require, to develop nay
destgn products becausethe extstlng design docu-
nentatlon methods for structured and functt_lly
oriented softvare des|gn did not apply to the
object-oriented destgn [17]. To develop a design
notation used tn the design documentation, they
coubtned concepts free George Cherry's process
abstraction mthed. PN4(U_ (8]. and Gredy Beech's
object-oriented design (S]. 0estgn dl&gram vere
presented &t the prellldntry design revtev (FOR).
and top-level pad_ge spectf|catlons vere devel-
oped for the crtttctl design re_lev (C01t). These
componentsvers then exl_tndedand compileddurtng
Build 0 of the |mplmentatton phase.

I_1Theltsecond ind_thtrd Ads pro,_:ts adopted andon the _me mthodology and desl_ nota-
tion. Theyalso conducteddest_ revtevs; but the
spectfl¢ products genortted a_ each stage uere
somevl_t mdifled fro• the first Ada efforts. For
these later projects, ptcklge.speclflctUons vere
developed for the P0R. and packageIx_tes and sub-.
un|t programdesign .language(P0L) vere developed
for the C0_. Zn addition, the componentsvere
comp|led before the CgR. These efforts po|nted
out the need to redefine t_ specific products

at ot the deslg.   cess:the characteristics bf the products have
_et _o be decNed. 0ut_by and (sker (17) present
• nora detatled u_lysts of the evolving charac-
teristics of both the des|_ processand the prod-
ucts developed. " "

the automted accounting system (for records of
co_uter tim used. source code changes, and Tr_dlUontlly, soft,re size has bee_ descrll_dsource code size history); co_flgu_tto_ c_trol
tools (Co_flgurttto_ 14antgeeentS_tea (OG), used In term of t_ Itm of _ develol_l for 1_e
to record duL_es to source code); and-ASAP, the s:r_tu.- Unes of code can, bowver, be expressed
Adt Static Source Co4• A_l_zor (S), _tc_ c_lc_ bY mu_ymuurements (11], I_ledlng the follev_l:
lates detailed counts lad characteristics of kit • Total I_lctl lines of code (carriage
source cede. Infon_tl_ m also provided returns)
thro_lh lnt#rvlevs vlth team develop•re ud
•ger_ (to record lesso_s letrm_ _1 ge_er_l |m- • _t_no_ble_k I_yslc_l lanes of
presslo_s) sad thro_lh sd_lectlve usessms_ made i_xle.. . -
by Sentor soft,re e_ltHers (_1 tOpiCS SllCb U o'_xecvtlble l|aes of _ (EU)C) (mot
mthodologles uplled). All tMs toformtlo_ ts tn¢lud_i de¢larttlo_s) - "
co,ststentl¥ collected, quality usured, t_! re- Stttemts (seMcolo_s In Ada. vMchcorded on • d_ta base vhere tt Is used u the •
basis for study or utlysls. Include de¢ltretlons)

(VgLVZI(G_CS 0f 11[ _ Table I de'_tbes the sfze of the A4_ pro_ects tn
_ the flight d3_uudCSeavtroment using these four

I_s|an Characteristics- " muurments. For ¢4e_rlsoa to the A_ p_ec'_So
- t_l¢al FORT1UJIPm,lq_."ts of s|Mlar tppll¢tUons

•are also mmrlze4.The first k_ Im_ect did ,or uto_Uct11_
usme the reuse of the standard F01tfltN(II,_ect
mthodologtes and products. 0ml_ the pr_,sl_ Unl,ss" _I_ Adt sttte_q_s are cmmted, these
phase, the projectdecNed 411the prodqctSo re* ftguf_ ledtc_te thlt ast_l Adt .results la mmy

more lira of cede tim esl_l ll_tllP_. The In-
¢reu4 tn'll_es of codets lint _cssslrlly • segt-

des|go'revtev process that had Imm .used ta .the at;re result| rather, tt mm t_t the stze of the
flight d)_,mlCS envlrmme,t for _ ]_ws [Z. syste_ twlemted Sn k_ vlll _ luger ban u
IS). ilovever, project mrs Investt_ted sev- equtv•lent system tn i_TRAN. It Is •1so clear
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Table 1. Soft_are C_ar_ctertst|cs of Projects

APPUCA11ON

nl i

TOTALUNES

NONILANK

EXECJJTAILEUNES
_O _T_

STATEMENTS
f (SS_C_ON- I_CLUOES
' OC-CLARATIONS)

OYNS_

L_IOADA
PROJ_'TS

79_00 4_00

_00 =S_S00

2g_00 16_00

ii

CONFK3 TMS_d

67_0 7S,000

" :)6,000 41.400

19j'00 _,lS0

12,700 lr_00

FORTRAN
PROJECTS

OYNSWd TMS_d

4S,S00 _e.000

12_00

22_00 • 12.000

Table 2. Effort O|stHbutton (Percent of Total Effort} (_dng [ach_.--
Ufe-Cycle PMse of Ada and FORTRANPro_ects

_IST_ . _IDAD_ " 8RDADA FORTRAN

REQUIPJ_(ENTS 8 : 4_ . 6.7 12.S
N_LYSIS • " •

DESK_I 24 _5 _0 " 22_

COOE

-_,_v_a • ,,.y.g._ cg_e. In Mt U4 Vatt _S 01" " the pre44Sl_ or req_lraeats antei)3|s I_&se,
code ire l_cli_¢_ ta t_c neasurment. - - _.S I_rceat dull the deslga _se, _S Nrceat

• mg -- -

of the Ad_ pro_ects. The style of Adt results tn- " • _,n_li t_ sysm test I_se _itule _).

code because St encom_ges fomettl , Fr_b!_ _ _ _o_ger,r,u_Z, ,ms for _; . _,..r_. _.of ,..¢,,_m..,._, (l,]. _t
ele_m.ts tnd silxmlts. The strollg t31)lttg vt_te " m _exix_?...e¢l..t_t ..U_..elrl._ 41strimeter ¥oe_d

¢ltr_.. Ze .a_ltl_..the local style gul_ plL-_S pn___ ...._._ m..m_m uc_C)lmte_, t_.t _ .A_
" rurcner req_reuea_s ea the fonut for _u_bll- " E._g_.u_. 'g nqu_r, nor, erro_ miring toe le-

pu _est_._etcucalltngirgme_tms_be_• , . __ _ . . , . . the n_g_ -
sepirite paysictl line. All these fettm_, hive . .e.e.e.e.e.e.e.e._mcs..e_rlro_m¢,Slgmncu_ o_ges to t_e"

,,¢--_ ¢_, ,l.. _ _ _._ ,l. _: _,, ..,. _ u_ _.,._. _e _ _-
.*:!9_pr_s ,_,_c_mt_ _. t_ .ms or ¢_- _um_u._ o_. me.acts ..,_er_._¢,_ v_t_
01111l_, retd_tllty, aad endersttMlng. ._ IF_eTTSo_UO pen,Los taelr piths vere

_anunce4 I_ th, _ 1Ire C_le.
Irffart OtstL_rtbutten by Phase Oat,¢

(if_ d_sU_.s cu _ _,_'_ _, .A_.w_, _ .¢_ges m net __ u
effort elqlelsd4d durlag the key IIfe-c_cle lPlmes ¢_lnglllg'q_llC_lYI_...-li_lClptted,tllglltl_sdth _the IlrO_eC__ Ilfeand_lesly N|s

_r, .d*_e_.qxm. t..t_!, vltt,s. Usl,_ tM flrstii_ _ II,_ect. _ ISle cycles for the se_xl
I;r_.al, effort dlstL_l:H_t_Oa by p_i_e dlttS. _ i_Id .thlrd .Mi.pr_ .e_s Ir(.sMfttng sightly to

TYP,¢II FOCflLq llfe-¢)'¢le effort dlstrll_tlo_ _:_sl_ _...d_%f_lo_ dl_s_ir_l lad less' s_stea -(IS) la the flight d_nudcs eavtrement sMvs _tons of the Ada

ORIGINAL PAOE IS

OF POOR QUALITY



Table3. EffortO|strtbutton(Percentof TotalEffort) for Devel-
opmentActivities Across All Life-Cycle Phases of Ada
and FORTRANProjects

PHASE 1ST ADA 2ND ADA 3RD/U3A FORTRAN
PROJECTS . PROJECTS PROJECTS PROJECTS

REQUIREMENTS 32 3.7 6.5 6.0
,aNALYSIS

35.7
DESIGN .36.5 27.5 24.O

COOE 42.7 52.0 44.5 45.0
r_
4;o

TEST 17.6 16.8 13.3 25.0

.-.

projects are shoving that the FOATRANilfe _fcle Ada Stattc Source Code Analyzer Pr_rim (9].
cannot be autoeat/cally.essuned for,kLt; Analysts of the use of c_plltble FOL and ex¢ep-

These observations prol_bly tndlcate that the tton .htndltng did not shoe a_y trends. PerMps It
1|re-cycle def|nttton ]s not etstly changeduerely .|s too early ¢o see results "Tn these tress; tmv-

_ue |sbecause a different language or technl, ever. trends vere observed tn the use of the ethor
plied. The evolution tovard the expected chaotic- features.
certsttcs of the nee technology Is • sloe; Ip'sd_1 The average size of I_c_ges (In source lines
process, of code (SLOC)) for the first kin pro:Jects Is inch

larger the the average size of I_ckages for tt_
Effort DtstribuHon bvActtvttv secood and third _ prcLJects (Figure Z). This

The tecood al_rotch to effort dlstrib_oas Is Increase 4t due to a difference In the structuring
to Inilyze the effort by activiST. Zn addttloa to method betveen the first kin projects end 811 sub-
collecting the effort expended betveen key phase .sequent Ada projects [17]. The first _la projects
dates (e.g., betveen the C_ aml the slurs of sys- vere designed vith c_ I_Cl_ge •t the root of etch
tea test), the SEL also collects data|led effort subsystea, vhtch led to t heavily nested strut-
data Independent of pl_se dttes. Effort by phase . tore. In exldtttoa, nesttng of I_c_ge SlXClfl_
Is time drivem _1 assumes, for exeaple, tlmt all ""citJoa$ vlthln package bodies vu used to co_ml
design a_Ltvttles ire ceaplete and cease-it-the .ptckAge visibility. Current Ada pro_ects ira
end of the destgn phase. In rullty, mmy •ctlvl- ustng the vlev of subsystem described by
ttes take place during each IIfe-cTcle I_se iu_. GradyBooch (6. Ch, 17] u an abstract design an-
therefore, the effort dtstributtc_ by activity cu" tltW vhose Interface Is defined by a _aber of
be quite different fr_ the dlstributto4 by phases, septrately coapllable ptcl_ges. _ the oa1¥

nested Ad_ Peckages ire generic I_Ct_ge lestutta-
This. Indeed. vu the case for the fl"rst M_ tlo_s.

projects. Althongh o_ly 24 percent of the total
effort uzs allocited to the deslg_ phue, The generic I_Ckage Is a m,_or t_l In the Ads

oa design acUvtttus (Tables Z ud 3). The extrt
effort needed for Ada design actlvtUus Is enre .. softvare-[18] nod, tn the flight dymudcs e_lroa- .
N_rant In the dlstL_butloa of effort by tctlvtty _:, use of generic peclutges tt_ been tncraastng
than In the dtstrtbuUoa dates..The el'-- rroa_the first to the current kit pro_ects. Horo
fort by develolmeat L-_Ltvtty again reinforces .the than o_e-thtrd of the i_ct_/_s ea current Im_ects
treed seen above." On the _4_-Im_ects_ 10re el- m geNrlc ptckages. A1Uu_ rare utlysts Is
fort yes required for daslga a_d less effort for Meded. this higher use of |eeedcs Pesslbly re-
softy•re testtng than _ the .FOINI_. pro_ects, flects both a stinger enpheslt oa the-develoimeet
Use_f Ada Features of verl_tlll reusable coq)_ents ud U |l_'re_

u_derst_u_l,lng of hoe to use generic Ad_ puc_ges
In u effort to acM_ve soee aet1_ureaent of U_. effectlvel_y |n the filet d_udcs emdrenneat. •

use of th, features •wtlable In the Ada luguige. - - -
the S(L _dent_fled six Ad_ fett_ras to realtor:. .The me ;_f strow t_tng In these softu_r_ sys-
generic ptc_ges, t3_ decllurutlo_s, -_. teas vu I_sured _Iw th4 Rabev of type d_lara-
ts_ks, ca•pliable FOL_ and _Aptlcm hu__ Ing. t_cmt pdr th_lslnd lines of codt. Aithongh the
The SEL then examined the code to see kov ltttle measure Itself It _ot t•tulUvely mlntngful. It
or hov auch these feetures..vere used. The Pernee--provtdet a method of observing •reeds te b_ me
poses of this tntlysl_ ver_. first, to deterMne of k_t t31x declarations. In the flight d_udcs
to v_t degree re•lores of Ada vere used by the _mv_ro_m. t_. _tl_e e_0_t .of .t_ptng It Incr_u._reulng
Ad_ pro_ect and. sec_l, to deteru_ne ubetber the over _w. _n_s my lae_ca_e that th, davelopers
use of kSt features "return" as u e_vtroatct are _.g nora co,for•able vtth th, s_ong tWp-
gained experience Mth the lug_ge. 0_t_ _m the - t,tl rear.us of Ma and are using Its cN_btlltlus -
use of these Ad_ features vere obt_tned ustng the to a fuller extent.
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(TOTAL UNF___) (STATEMENTS)

UNES
PER

"STAFF-
DAY

6O

q

LINES so.
PER
STAFF-
DAY

1STADA gM3ADA SRON)A
_ FAOdE_'TSPFtOdGOTS_

16

12

S,

4,

O,

14.6

lO.1

FORTRAN I_I'N)A 2M)At_ _qOAt_

O

Ftgure 3. _ CostlProductlvlty of Delivered Code
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systea has qutckly bee•as equivalent to -that of Xn • very mture FORTI_I develolment envtrot_
p._.roduc|ngt FORTRANsystm. The flight dynudcs ..u_t, the GROSSF_lect repQrted 3.4 errors per
ruK_n ea_roament Is stable, memO, _d tmtlt g_usud 1lees of source code (;3LOC) In _e sys-
_l..a Io_1 sad extended le_cy of experience, ten. .As Table 4 shovs, ill the kil pro_ects_uSin _e first AcLtpr_ect required 30 IPerceat uchleved in error rite lover thin the rite cm the

stur-ho_s to ¢oeglete thu • "stall•r FORTRANpreset. ]Is eddlttoa, the error rite o_

_l_ project, this overimld Included effort to U .kS}t-pro_ects shovs• decreeing trend overdevelop _ev prsct_ces and processes¢nd to lelrn a
.nev.env_romuent. Htth e_oerlence, the envtroaue_t lebenthe error rite Is _er_ltz_! by the number
Is oe.coalngmore stable and pr_uctlvlty" ts In-
creasing. , of lu_ge statements, the first lind secoad Adt

pro_ects" shov• slightly ktgher error rate time
Re1|ab|ltty the _ pro_ect. Hoverer, the error rite

• _tm •hers • decreasing tread over Une. On the
As sdth froducttvlty, the may _ys of masur- tl_lrd _ _pro_ects, the errors bye d_od to •

Ing softv_re s|ze ifflet the results of rell_bll- -rite as _ as. tf _ot better thin. the error.
Ity studies. For exudes, vlll the error rite rate on the FORIlt_ prcdect. Zt ts still too
nor_llzed by the to•el systea size or by the _ _rl_y to _bserve • definite difference frc)a the
oer.of I•_l_..Oe st_teeeats gtve the lost a_curete . FOIt__ rites; hoverer, the reltabtllt_ of the Ad_
re_a]ng of _ rellibtllty of Ads softvire ¢o_ _rgJe___ Ipl_rs it + leut u good u •hit of

. I_ .r_d to FOI_M/I? Zn the flight cl_nudcsenv_ro_ FORllW( pro_ects and ts |aprovtng vith etch A_
mat. c_nges to .the softvare rode Ifter _lt pro_ect.-
t_estSa_l,u_n the _ft_re qs pliced Imder coe-
fl_Uf_l_l_Oii COIItrol •re _rmlly reported _n change J_lLlii_f_/:a_
report toms. The developer _ust supply the re_- Errors reported •re ¢liss|fled •¢cordtng to
sea for the cl_ge (e.g., error, requirement source _ type of error. So_rces of errors c_
change) and, If the ch_age Is due to aa error, "the be requirements, functtcml s_ectf|ca_io_s, de-
source and t.v_ of error, sign, code. or prevtous changes. T_es of errors

Ftgure 4. Ad_C_st/Produettv_t7 ot' OevelopedCode
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Table 4. Adz and Error/Change Rate

I °

, i

ERRORS/KSLOC *

ERRORS/K STMTS

1ST ADA
PROJECTS

1.8

10.2

2NO ADA
PROJECTS""

1.7 1.4

9.4 7.5

- SLOC. TOTALL_ES (U_JJ_S CO_o_USEO)
- FtGUR_ 8ASEOONESTIMATES

are tnttttltzttton. 1ogtclco.trol structure. In-
terne1 Interface. exterr41 Interface. data value
or structure, and comput_tSon_l.

On • typic•l F_TRAN project tn the fltght dy-
namics envtror_ent, design errors _ount to on1¥
3 percent of the totel er_ on the project (Fig-
ure S). Fort he first ted second Adt pro_ects, 25
to 35 percent of tl1 errors u_re ctuslfted as

3RD ADA
PROJECTS""

1.0 1.0

5.3 5.6

FORTRAN
PROJECTS

i

3.4 "

6_

_e-f_ of the errors betng tnterfece errors.
HIth current projects, hovever, the S[L Is. nov
observing • $SgnIflctnt chtnge: tnterf&ce e_ors

• trsdecretstng.
In the SrL._'errors due jLo-t previous cha_ge"

citngortzes e_rors caused by •prevtous uedlflct-
tton to the softy•re. The first Ad• projects
shoved • t•rge _mp 5n the perctnttge of-these

• errors co•pared to projects using R)RTRAN (Ftg-destgn errors, t. substantl•l tecrense. For the
third Ada pro_ect, hovever, design errors dropped ure S). Hovever. •11 subsequent Ma pro_ects shov
stgn_ftc_tly ted ire est|_ted to be •ppmxt- • rate for these errors that Is very stellar to

the FORTRANrite. Thts tnttl•l Ju_ tn .the erroruately 7 percent. This r•te Is close to that ex-
perienced on F_TRAN pro_ects ted clearly sho_ a rute ¢. probabl_y be •tt_buted to Inexperience
_turatlon process with growing expertise tn k_... _th Me, vtth _ design nethodolo-Inexperience

gles, and • nested soft.re •rchltect_re that rode
The literature on Ada reports that the me of the soft,re much _ce cm_lex. Again, the _rror

Ad• should help reduce the eunber of Interface profile Is evolving vtth the mturlty of the kJa
errors In the softutre (4]. Although the coaptler e_vtro_ent.
Vii1 cttch _ost calling parameter consistency
errors. _nterf_ce errors can •Iso Include errors ._2dll:_Lt:_
that v111 not be detected eat41 run fine. T_pt-
ctlly, these •re errors In strl_ t_rme_ers or "- Throughout the yetrs of developing st_Itr sys-
subtypes utth different coestr_lets and errors ln'" _em In FORTRANIn the flight dTnudcs envlron-

_t, the •verage level of softutre reuse his been¢_11tng pt_meters due to the eeed for additional
or different types of _araneters. Ustng guide- betveen IS ud ZO percent [10. 20]. FORTRANpro_-
lines and examples In the data collection docunent ects that •ttalned t soft.re .reuse rate of
[13], tke e_ors Ire ¢itsslfted by the developer 35 percent or higher are rare. After the first

Ad_ pro_ects _nd vtth only S to _ years ef mtur-
reporting and correcting the error, tng In the envtro_ent. M• pro_ects I_ve nov

Zn the flight d_cs FORTRNI _drons_t. achieved • softuare reuse rate of over _S I_rcent.
aJ_o_t one-th|rd of •11 errors o_ • pro_ect •re •Iret_ gre_ter thu the t_plctl FORTR_ pro_ect.
tnterf•ce errors. On the first and second Ada The UARSTDA project ts expected to consist of
projects, the percentsge of Interf&ce errors vu more than 3S percent reused code. Thts treed of
not gre•tly reduced (Figure S). with _pproxtmte1_ tncteutng soft.re reuse as very proalstng.
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COHCLUSIOflSIOBSERVATIONSIOC_PARISOflS

_ny aspects of soft_are development vtth Ada
have evolved as our Aria development environment
has _tured and our personnel have become "more
experienced In the use of Ada. The SEL has seen
differences In the areas of cost. reliability.
reuse, size. and use of Ada features.

A first-time Aria project can be expected to
cost about 30 percent more thin an equivalent
FORTRAN project. Ilovever, the SEL has observed
slgnlf|cint Improvements over ttme as t develop-
ment envlron_nt progresses to second and third
uses of Ada.

The reliability of Ada projects ts Initially
stmtlar to that expected In t return FORTRAN en-
vironment. Hith time. however, improvements can
be expected as experience vlth the linguage In-
creases.

Reuse ts one of the most proutstng aspects of
Ada. The proportion of reusable Ada software on
our Ada projects exceeds the proportion of reus-
able FORTRAN soft.re on our FORTRN_ pro_ects.
Thts result ws noted fatrly early tn our Ada
pro_ects, and our experience shovs in Increasing
trend over time.

The stze of an Ada system v111 be larger than 1
stz|lar system in FORTRAN vhen cons|dertng SLOC.
Size measurements can be misleading because dif-
ferent measurements reveal different results.
Rat|os of Ada to FORTRAN range froa 3 to 1 for
total phystcal lines to I to I for statements.

The use of _a features definitely evolves vlth
experience. As more experience ts gatned, some
Ada features my be found to be tnappr_rl&te for
spect flc _opllcattons. Ik_ever. the lessons
learned on an earlier project play in tnvaluoble
part In the success of later pro_lects.
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